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1
GRAPHIC ARTS AND GRAPHIC MEDIA

This application is a continuation-in-part of copend-
ing application Ser. No. 378,704, now abandoned, filed
July 12, 1973 as a continuation-in-part of copending
application Ser. No. 342,744 filed Mar. 19, 1973 as a
division of application Ser. No. 259,656 filed June 5,
1972 as a continuation-in-part of preceding application
Ser. No. 122,086 filed Mar. 8, 1971, said applications
Ser. Nos. 122,086 and 259,656 now being abandoned
and said application Ser. No. 342,744 now U.S. Pat. No.
3,864,181 dated Feb. 4. 1975.

The present invention relates to three-dimensional
graphic arts, fine arts, printing, decorating the like.
More particularly, it relates to a method of forming
three-dimensional graphic designs and the like on a
substrate, the three-dimensional representations and
forms produced thereby, and compositions employed in
the method. Still more particularly, the present inven-
tion relates to compositions of matter for use in the
formation of three-dimensional designs, printing, and
the like, the method of forming such three-dimensional
graphic designs, printing, and the like, and the three-di-
mensional designs formed by such method.

A wide variety of compositions are employed in the
graphic arts in order to obtain diverse optical effects.
Yet there is always wide-spread demand for new com-
positions and new techniques which can increase the
store of effects available to those of skill in such arts.
While many of the compositions and techniques have
been known for centuries and yet still find wide spread
usage, the field of graphics is quite a-dynamic art, what-
ever particular branch thereof is considered. As em-
ployed in the present application, the term ‘“graphic
arts” is used in a broad sense to include fine arts, com-
mercial art, decorative arts, related arts such as printing
and the like. Also included are photography and related
arts. In particular, the term “graphic arts’’ as employed
herein can be generalized to include all those arts which
involve the formation of a graphic representation or
decorative pattern or the like upon a substrate. Particu-
lar examples include such diverse, but interrelated, sub-
divisions as painting, drawing, lithography, silk-screen-
ing, photolithography, wood-cuts, stencilling, printing,
- wall-paper manufacture, photography, xerography and
various combinations of such arts with one another and
with still other arts, e.g., sculpture, wood-carving,
molding, ceramics and the like. |

It is an object of the present invention to provide
compositions for use in the graphic arts for the forma-
tion of raised or three-dimensional graphic representa-
tions, a method of forming such representations, and the
representations so formed.

Another object of the present invention is to provide
such compositions in such form that the raised or three-
dimensional character is attained after the graphic rep-

resentation is applied to a substrate, enabling the practi-
tioner of the art to utilize conventional and well-known

techniques to apply the graphic medium to the substrate 60

and thereafter attain the raised or three-dimensional
character. |

Still another object is to provide the compositions of
the present invention in such form that its utilization can
be integrated with conventional procedures, tech-
 niques, processing equipment and apparatus without
modification thereof and subsequently further treating
the compositions to achieve the raised or three-dimen-
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 sional effect. These and still other objects, as will here-
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inafter become apparent, are attained by the present
invention. - |

It has been found that raised or three-dimensional
graphic effects can be attained by incorporating into
graphic media a minor amount of thermally expandable
microspheres, selectively applying such media to a sub-
strate by the applicable techniques therefor, and there-
after heating the selectively coated substrate to expand
the microspheres. The expansion thus attained creates a
raised or three-dimensional result which can be charac-
terized as a continuous matrix of the medium employed,
containing a disperse phase of expanded microspheres.

The graphic media to which the present invention is .
applicable can be generally defined as any of the diverse
media.which can be characterized by the formation of a
substantially continuous film from a solution where
selectively applied to a substrate, and in which the mi-
crospheres can be incorporated as a disperse phase.
Such graphic media include, by way of example, paints,
inks, laquers, enamels, photographic emulsions and the
like. In the more common cases, such media include a
solvent vehicle, a pigment, or the equivalent, and a
binder which is capable of forming a substantially con-
tinuous solid film upon the chosen substrate and often
include a wide variety of other materials, such as one or
more of the following: diluents, opacifiers, fillers, exten-
ders, leveling agents, flow promoters, plasticizers, dri-
ers, cross-linking agents, thermal and/or ultraviolet
light stabilizers, thixotropic agents, viscosity control
agents, wetting agents, dispersing aids, gloss control
agents, and the like.

As employed herein, the term “pigment”. is intended
to be inclusive of that class of materials which may be
employed to impart color properties to a graphic me-
dium or media. As such, it is intended to include not
only literal pigments, but also dyes, lakes, and like mate-
rials, and precursors thereof as well, as is the case in
photographic procedures. ~

The solid film-forming binder will most often be a
natural or synthetic polymer material dissolved in a
solvent therefor which, upon evaporation of the solvent
or reaction thereof, results in the formation of a substan-
tially continuous adherent film. In other cases, the
binder may be a liquid or semi-solid polymer precursor,
i.e., monomer or ‘“pre-polymer” which reacts in situ to
provide the film-forming polymer. In such cases, poly-
merization catalysts may also be included. A solvent or
thinner will be required or desired in such systems. The
polymeric film-forming binding can be thermoplastic or
thermosetting. Mixtures of polymers may be used as
well as single materials. |

Such graphic arts media are well known to those of -
ordinary skill in the art and are not per se a part of the
present invention. It is accordingly not intended that
the invention be construed as limited narrowly to spe-
cific media or to particular categories thereof. Nor
should the invention be limited with regard to compo-
nent ingredients of such media except as herein defined.

In accordance with the present invention, expandable
microspheres are dispersed into the graphic medium.
The microspheres employed in the present invention
are hollow thermoplastic particles and are of relatively
small size, usually less than from about 200 to 300 mi-
crons in diameter and can be as small as about 0.5 mi-
crons in diameter. Preferably micron diameters of from
about 3 to 50, and more preferably about 5 to 20, are
employed. The microspheres have a generally spherical
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shape and define a generally concentric spherical cavity
inside containing about 5 to 50 weight percent of a
volatile blowing agent, insoluble or at most only
slightly soluble in the thermoplastic material of the
microsphere. Microspheres of such character can be

prepared with bulk densities ranging from about 50 to
90 pounds per cubic foot. The thermoplastic of the
microspheres can be generally any thermoplastic poly-
mer but since the formation of a solution coating com-
position 1s contemplated, the thermoplastic of the mi-
crospheres should be different from the foamable coat-
ing polymer and insolubilized in the solvent vehicle as
herein after described.

The microspheres can be conveniently prepared by
the techniques referred to as a “limited coalescence”
polymerization technique. A typical preparation of such
particles is as follows: |

A polymerization reactor equipped with an agitator is
charged with 100 parts by weight of deionized water
and 15 parts by water of a 30 weight percent colloidal
silica dispersion in water. The colloidal silica dispersion
1s 30 weight percent solids and is available under the
tradename of “Ludox HS.” To this mixture is added 2.5
parts by weight of a 10 weight percent aqueous solution
of a copolymer prepared from diethanol amine and
adipic acid in equimolar proportions by carrying out a
condensation reaction to give a product having a vis-
cosity of about 100 centipoises at 25° C. One part by
weight of a solution containing 2.5 weight percent po-
tassium dichromate is added. The pH of the aqueous
solution 1s adjusted to 4 with hydrochloric acid. Vinyli-
dene chloride 1s utilized as the monomer. An oil phase
mixture 1s prepared by utilizing 100 parts by weight of
vinylidene chloride and 20 parts by weight neopentane
(27.6 volume percent based on the total volume of the
monomer-neopentane mixture) and 0.1 part by weight
of benzoyl peroxide as a catalyst. The oil phase mixture
1s added to the water phase with violent agitation sup-
plied by a blade rotating at a speed of about 10,000 rpm.
The reactor is immediately sealed and a portion sam-
pled to determine the particle size. The droplets appear
to have diameters of from 2 to about 10 microns. After
the initial dispersion, the reaction mixtures are main-
tained at a temperature of about 80° C. for a period of 24
hours. At the end of this period, the temperature is
lowered and the reaction mixture is found to have the
appearance of a white, milky liquid similar to a chalk-
white milk. A portion of the mixture is filtered to re-
move the particles and the particles or beads are subse-
quently dried for about one hour in the air oven at a
temperature of about 30° C. A portion of the dried
spherical particles are heated in an air oven at a temper-
ature of 150° C. for about 3 minutes. Upon heating, the
particies show a marked increase in volume. Micro-
scopic examination of the particles prior to foaming
Indicates particles having diameters of from about 2 to
about 10 microns and having disposed therein a distinct
spherical zone which appears to contain liquid and a
small vapor space. The particles which are heated are
examined microscopically and are found to have diame-
ters of from about 2 to 5 times the diameter of the origi-
nal particles and to have a relatively thin, transparent
wall and a gaseous center, i.e., a monocell.

Preferred polymers for preparation of the micro-
spheres are for example, polyvinylidene chloride, a
copolymer of vinylidene chloride and acrylonitrile in
welght ratios of about 100:1 to about 70:30, copolymers
of acrylonitrile and methyl acrylate in weight ratios of
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from about 90:10 to 80:20, and copolymers of methacry-
lonitrile and methyl acrylate in weight ratios of about
93:7 to 82:18. While these materials and proportions are
preferred, it is not intended that the invention be limited
thereto. The preference is grounded principally in con-
venience and not in any substantive considerations.

By utilizing the technique of limited coalescence, a
wide variety of expandable thermoplastic microspheres
can be produced and, if desired, may be specifically
designed for incorporation into a specific graphic me-
dium. Such materials are now generally familiar and are
commercially available. The term “microspheres” is
herein employed as generic to all such materials.

In the present invention, the microspheres are incor-
porated into the graphic medium in unexpanded form as
a disperse phase. In order to preserve the expandable
character of the microspheres, it it important that no
component of the medium have any substantial solvent
effective upon the thermoplastic of the spheres, and as a
consequence, the microspheres are treated to preclude
or retard solvation. The microspheres are coated with a
material which' preferentially wets the surface of the
microspheres but which is not a solvent. Materials
which meet this requirement within the scope of the
present invention are alkyl alcohols of three to five
carbon atoms. These compounds are compatible with
solvent based graphic media and will preferentially wet
the surface of poly(vinylidene chloride) microspheres
but have no measurable solvent activity thereupon.
Butyl alcohols, particularly n-butyl alcohol, are pre-
ferred for such purpose when the thermoplastic of the
microspheres is poly(vinylidene chloride).

The alkyl alcohols are readily applied to the micro-
spheres by a variety of procedures, the simplest and
most convenient of which may be selected as desired.
Generally, the microspheres and the alkyl alcohol will
be simply combined and mixed, e.g., by stirring or tum-
bling or the like. The relative proportions are not nar-
rowly significant, so long as sufficient alkyl alcohol is
employed to form a complete wetting of the micro-
sphere surfaces. Generally about 0.5 weight percent,
based on the weight of the microspheres is sufficient,
but 1t 1s prudent to employ somewhat greater amounts,
and at least about 1.0 weight percent, based on the
weight of the microspheres, is a preferably lower limit,
and about 5.0 weight percent, similarly based, is still
more preferred. Particularly when the graphic medium
contains a vehicle which is a strong solvent for poly(-
vinylidene chloride). There is no effective upper limit to
the amount of the alkyl alcohol until the amount be-
comes so large as to significantly alter the properties of
the graphic medium. Ordinarily such amounts will be so
far in excess of the requirements of the present inven-
tion as to be economically unattractive. Amounts of as
much as 100 weight percent, based on the weight of the
microspheres, will generally not appreciably alter the
graphic medium and is acceptable, but lesser amounts,
not more than about 20 weight percent, based on the
weight of the microspheres will generally be preferable.

The microspheres may be incorporated into the
graphic media at any convenient stage, that is, during
the formulation of such media or at a later time up to
just prior to use. A wide variety of processing tech-
niques can be employed to effect dispersion of the mi-
crospheres, which are readily wetted out in most media
and, because of the extremely small dimensions of the
particles, are readily mixed. In most contexts, a thor-
ough, uniform dispersion is desired, which is attained
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without difficulty by a simple mixing procedure. Un-
usual special effects may be attained by incomplete
dispersion of the microspheres, and when such effects
are desired, less than thorough mmng may be em-
ployed.

Depending upon the particular techmque of applica-
tion to be employed with the graphic medium, it may be
desirable to use an inert or solvent diluent to adjust the
viscosity of the medium to compensate for the addition
of the microspheres. When the microsphere-modified
medium requires such adjustment, it may be cut or
thinned in accord with conventional practice applicable
to the particular graphic medium employed. When
formulated in accordance with the foregoing, the
graphic media will have a shelf life and a storage stabil-
ity usual for the particular medium employed.

Graphic media formulated in accordance with the
present invention may be applied to a substrate by any
of the known and conventional techniques appropriate
thereto. Such techniques commonly include, for exam-
ple, brushing, trowelling, spraying, pouring, dip-coat-
ing, printing, silk-screening, stencilling, electrostatic
techniques and the like. All these techniques share in
common the selective application of a graphic medium
to a substrate, and all such techniques are contemplated
herein. Also contemplated are analogous techniques
which involve a uniform application to a substrate,
followed by the selective removal of portions of the
medium. Such procedures are characteristic of photo-
graphic techniques, for example. Because of the finely
divided nature of the microspheres, there is no impedi-
ment to any-of the foregoing techniques attributable to
the disperse phase.

The three-dimensional effect which characterizes the
graphic media of the present invention is attained by
heating the medium to a temperature at which the mi-
crospheres expand, usually on the order to about
950°-150° C., more often about 100°-120° C. The degree
- to which the applied medium expands to attain the
ratsed effect is dependent primarily upon the concentra-
tion of the microspheres therein. While some expansion
is attained with concentrations of less than one percent

based on the total non-volatile content of the medium,
the more usually desired effects will require greater

concentrations, up to as much as about 45 weight per-
cent microspheres. If greater amounts of microspheres
are employed, adherence of the medium to the substrate
may be impaired. Then the film forming ability of some
types of vehicle may be insufficient. Most often, the
desired raised effect will be attained at a concentration
of from about 5 to 40 percent, and preferably about 10
to 30 weight percent, although it should be noted that
such concentrations are not ordinarily narrowly signifi-
cant or critical.

When the graphic medium is based upon a thermo-
plastic polymeric binder or vehicle, which can be char-
acterized by the formation of a coherent film by the
removal of volatiles, the applied medium may be ex-
panded at any convenient time to develop the raised
effect. It will generally be preferable to develop after
removal of the volatiles, although it is also p0531ble to

combine development and volatile removal in a single

heat treatment. Indeed, such development can in some

contexts facilitate formulation of graphic media with
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others “cure” by polymerization reactions. Since many,
if not most, of the reactions involved proceed at room
temperatures, it is usually advisable to develop the
raised character of the medium promptly, as expansion
of the microspheres may in some cases disrupt the conti-
nuity of the film which may be relatively brittle in the
case of certain types of binder. In addition, it should be
noted that many of the curing reactions are accelerated
by heat.

Since the indices of refraction of the binder and the
microspheres will not ordinarily be the same, unless
particular pains are taken to so formulate the medium,
the raised media will not ordinarily be transparent but
rather will usually be opaque or translucent. Since
transparency is ordinarily undesirable in graphic media,
such effect may in fact be quite beneficial, as the ex-
panded microspheres will also serve to enhance the
covering or tinting capacity of the medium and may
even, in some cases, replace or reinforce the effect of
additives employed for such purpose, e.g. opacifiers,
such as titanium dioxide, zinc oxide, talc or the like. In
the absence of colorant, the medium will have a white
appearance or a color attributable to the binder.

The substrate to which the graphic media be applied
in accordance with the present invention can by any
with which the particular medium is compatible and to
which such medium is adherent. Such substrates com-
monly will include various types and textures of paper,
canvas, wood, plastics, metals, stone, plaster, fabrics,
draperies, clothing, wall coverings, upholstery (particu-
larly fabrics of such materials as cotton, rayon, rayon-
acetate, fiberglass, polyesters, polyacrylates, polyacryl-
onitrile, polyhydrocarbons, and the like, and including
both woven and non-woven fabrics), cement, fiberglass,
glass, ceramics, leather. Also contemplated is the appli-
cation of the media over or in combination with other
diverse or similar media.

When the graphic media of the present invention are
applied to a substrate and developed by heating to the
temperature at which the microspheres expand, the
applied medium will have a raised and textured surface.
The medium becomes a thin film of a syntactic foam

which projects outwardly from the surface of the sub-
strate. The thickness of the developed medium will be

dependent upon the thickness of application of the me-
dium and upon the concentration of the microspheres
therein. The surface will be textured or roughened by
the irregularities caused by expansion of the micro-
spheres present just adjacent to the surface of the me-
dium, and the degree of texture will be largely depen-
dent upon the concentration of the microspheres. In
circumstances where the rough texture is not desirable,
it can be eliminated by an overcoat of a conventional
medium without loss of the raised or three-dimensional
effect. It 1s noteworthy that the properties of the devel-
oped graphic media of the present invention will be
determined by the basic medium formulation employed
and will be little altered by the presence of the micro-
spheres except in their function as “foaming agents.”

Thus, it 1s apparent that the properties of the developed
medium can be tailored to the intended use on the basis

of the chemical and physical properties of the compo-

- nents included in the base formulation with emphasis

solvents or diluents not readily applicable by virtue of 65

their low volatility and long drying times.
Many graphic media are based on vehicles which
cure or cross-link to form permanent, hard films. Still

upon the microspheres and their physical and chemical
characteristics. In the compositions generally contem-
plated in the present invention, the developed medium
will comprise a continuous phase matrix of the base
medium and a disperse phase of the expanded micro-
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spheres. Because the expanded microspheres are not
contiguous, the medium has a great degree of integrity
determined by the cohesiveness of the continuous
phase, which in most such media, will be considerable.
While many variations of the present invention are
contemplated, the considerable simplicity of the inven-
tion and its fundamental concepts enable those of ordi-
nary skill in the graphic arts to implement the practice
of the invention with a minimum of specific guidance
once the basic nature of the invention is clearly under-
stood. However, it may be informative to refer to the
following specific examples which illustrate a few of the
numerous facets of graphic technology which can ad-
vantageously employ the present invention. These ex-
amples are intended to be illustrative only and should
not be construed as limiting the scope of the invention,
which is defined only by the claims appended hereto.

EXAMPLE I

A gravure press printing ink formulation was pre-
pared by combining and mixing the following compo-
nents in the indicated proportions:

Component Parts by Weight
Cyclohexane 34.30
Toluene 18.60
Diphenyl octyl

phosphate 0.90
Silicone fluid 0.45
Butyl methacrylate

resin 23.75
Microspheres 20.00

The formulation thus formed was divided and a vari-
ety of colorants were added as noted:

Sample Color Amount, Weight %
A None —
B Carbon black 4.0
C Nigrosine black 4.0
D Zinc Oxide 4.0
E Zinc Oxide/
Prussian blue 3.95/0.05
F H Yellow #1 4.0
G H Yellow #1/Ti0, 2.0/2.0
H Prussian Blue 4.0
J Prussian Blue/
Zinc Oxide 1.0/3.0
K Carbon black/
Zinc Oxide 1.0/3.0

Each formation was applied to a plurality of sub-
strates with three different patterned 3-band quadrangu-
lar cell cylinder gravure rolls: No. 1 = 120 line, 0.0032
inch cell depth; No. 2 = 150 line, 0.0025 inch cell depth;
No. 3 = 180 line, 0.0018 inch cell depth. The substrates
employed were aluminum foil, paper-backed aluminum
foil, kraft paper, board stock and polyvinyl chloride
film. The gravure roll patters of each roll included a line
of type, comprising a 10 point bold face Roman type
alphabet, a series of straight lines of varying widths, and
a plurality of geometric and abstract designs.

After each substrate was printed with each roll and
each formulation, the thickness of the unexpanded dried
print was e¢xamined and measured, the microspheres
were expanded at a temperature of about 215° F., and
the print again examined and measured.

It was found that, except for color, the results were
substantially uniform for each formulation and each
substrate. The unexpanded and expanded film thick-

nesses werc:
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Roll Lines Unexpanded Expanded
#1 120 0.75 mil 1.50 mil
#2 150 0.50 1.00
#3 180 0.25 0.75

The unexpanded and expanded print showed excel-
lent clarity and line resolution, while the surface of the
expanded print was visibly textured in a fine, irregular
pattern. The color of each ink was examined with the
following results:

Sample Color Comment

A White milky; poor covering
power on foil

B Black flat appearance

C Black glossy

D White somewhat flat; good
covering

E White glossy; white & bright

F Yellow bright; glossy

G Yellow pastel; glossy

H Blue bright; glossy

J Blue pastel; glossy

K Grey flat appearance

With the exception of sample A, all showed good
hiding power and excellent tintorial effect. With sample
A, poor hiding power was particularly notable on the
foil substrate, which contributed a dully, greyish metal-
lic cast to the milky white print.

In the present formulation, the component ingredients
were as follows:

The diphenyl octyl phosphate was Monsanto Co.
Santizer 141 with a specific gravity 25/25° C. of 1.089
to 1.093 and a Brookfield viscosity of 18 cps at 25° C.

The silicone fluid was Dow Corning Anti-foam A,
with a specific gravity of 0.97 at 25/25° C.

The butyl methacrylate resin was duPont Elvacite
2044, with a specific gravity at 25/25° C. of 1.07 and an
acid number of zero.

The microspheres were from Dow Corning and were
polyvinylidene chloride containing 20 weight percent
neopentane. They had a particle size range, unex-
panded, of 8 to 20 microns. The micropsheres were
coated with 20 weight percent, based on the weight of
the microspheres of n-butyl alochol.

EXAMPLE II

A graphic medium similar to that of Example I was
prepared in accordance with the following recipe:

Aromatic hydrocarbon A 10.35
Aromatic hydrocarbon B 9.30
Xylene 21.55
Silicone fluid 0.55
Diphenyl octyl phosphate 0.85
Butyl methacrylate resin 39.80
Microspheres 17.60

The medium was applied by silk-screening onto a
glass substrate to provide a decorative pattern. The
screen was 300 mesh. The medium was applied in a
thickness of 27 mils and was heated to 210° F. which
resulted in an expansion to 35 mils. The expanded de-
sign was a translucent white having a distinctive three-
dimensional finely textured appearance and had a very
soft felt-like feel to the touch.

In the foregoing formulation, aromatic hydrocarbon
A was Exxon Aromatic 100 having a boiling range of
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311° to 344° F. and a specific gravity at 60/60° F. of

- 0.875. Hydrocarbon B was Exxon Aromatic 150, boil-

- ing at 362° to 400° F., specific gravity 0.902 at 60/50° F

The xylene was a petroleum grade with a distillation

range of 138° to 143° C. and a specific gravity at 60/60°

F. 0f 0.8702. All other materials were those described in
Example I, except that the microspheres of the present

Example were coated with 1.0 weight percent n-butyl

alcohol.

EXAMPLE Il

The following formulation was prepared for silk-
screening:

Exxon Aromatic Hydrocarbon 150 20.5
Toluene 20.5
Elvax 40 (Ethylene/Vinyl Acetate |

- 60/40) 17.1
Pre-wet (Microspheres 11.4
(Butyl Alcohol 2.4

The formulation was silkscreened through a 300 mesh
screen onto paper board to form a 20 mil coating. It was
dried at 150° F., then expanded at 210° F. to 45 mils to
give an adherent, expanded graphic pattern.

The formula was aged for 2 months. The experiment
was repeated with the same results.

Another formula was prepared without pre-wetting
of the beads with the butyl alcohol. This gave the same
initial results, but in 24 hours there was no longer any
expansion of coatings due to the attack of the solvents
on the vinylidene chloride/ COpolymer comprising the
skin of the microsphere.

EXAMPLE IV

A thermally cross-linkable solutlon polymer was pre-
pared as follows:

Hydroxyethylmethaérylate 12

2-ethylhexyl acrylate 3
Methyl Methacrylate | 25
- Toluene 42

Isopropyl Alcohol - 18

- Benzoyl peroxide (2%) was used to initiate the poly-
merization at 80° C. under nitrogen. The 40% solids
solution was blended with 3.5 parts of Cymel 370 (a

- melamine cross-linking agent).

To 100 parts of the above solution, we added a mix-

ture of 33 parts of butyl alcohol and microspheres
(20/80). These were mixed thoroughly and applied to a
polyester drapery fabric, by a patterned rotogravure
roll, 140 lines per inch. The printed fabric was dried 1
minute at 180° F., and heat treated 3 minutes at 300° F.
The dried pattern before heat treatment was about 1.5
mils, 3-4 mils after heat treatment, providing a raised,
embossed pattern on the fabric.
. The mixture was aged and tested in the same manner
for 6 months. Results were the same. When non-treated.
microspheres were used, the ability to form an ex-
panded structure was lost in 1 to 3 days due to the
-solvent attack on the skin of the mlcrospheres

EXAMPLE V

A cross-hnkable, polymer formulatlon was prepared
- as follows

N-Methylolacrylamide (dry) 3) 32
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-continued
2-ethyl hexyl acrylate 35) 14.0
Acrylic Acid 4) 1.6
Methyl Methacrylate 40) 16.0
Butyl Acrylate 13) 5.2
Toluene 42.0
Isopropanol 18.0

~ This was refluxed at 80° C. to polymerize using 5%
benzoyl peroxide as the initiator.

Beads were prepared and mixed as in Example IV in
the same ratio. They were coated onto:

Cotton

Cotton-Polyester

Rayon

Polyester (Dacron)

Polyacrylonitrile (Orlon)

Fiberglass Fabric
using the same procedure. Each of the fabrics were
tested for durability to dry cleaning and washing using
the following procedure:

Samples of each fabric were run for five 30-minute
cycles in a “L.aunderometer” at room temperature using
a stainless steel container with 100 stainless steel balls
using perchloroethylene. To extract the solvent, the
samples were placed in a centrifuge tube over a bottom
layer of stainless steel balls with acted a reservoir for
the solvent and a carrier for the sample. After centrifug-
ing for 15 minutes at high speed, the nearly dry samples
were oven dried for 5 minutes at 120° F. No change was
noted in the fabric or in the applied pattern after the
procedure.

The laundering test consisted of 10 cycles in a com-
mercial Westinghouse automatic washer and tumble
drying between wash cycles. The washer utilized hot
water at 160° F and one-half cup of “Tide” laundry
detergent for each cycle. When appropriate, the washer
was ballasted with cotton terry-cloth towels. The dry-
ing stage of each cycle was conducted by tumbling in a
stream of hot air at 160° F. After the 10 wash-dry cy-

cles, the samples were examined and no change in either

fabric or pattern was noted.

The use of beads not protected with butyl alcohol
gave expansion in an equivalent fashion if used immedi-
ately, but on aging for 16 hours to 3 days essentially all
the expansion was destroyed due to the solvation of the

- skin of the microsphere.
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What is claimed is:

1. In a graphic arts medium for selective application
to a substrate comprising a polymeric film-forming
binder and a volatile solvent vehicle therefor, the im-
provement comprising dispersing in said medium about
1 to 45 weight percent, based on the non-volatile con-
tent of said medium, of thermally expandable thermo-
plastic poly(vinylidene chloride) microspheres having a

- particle size of about 0.5 to 300 microns in diameter and

65

containing about 5 to 50 weight percent of a volatile
neopentane blowing agent, said microspheres being
insolubilizéd in said volatile solvent vehicle by a coating
of a compound which preferentially wets the surface of
said microspheres, said compound being a member se-
lected from the group consisting of alkyl alcohols hav-
ing about 3 to about 5 carbon atoms in the alkyl chain.

2. The graphic arts medium of claim 1 wherein said
alkyl alcohol is coated on the surface of said micro-
spheres in an amount of from about 1 to about 100
weight percent, based on the weight of the micro-
spheres.
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3. The graphic arts medium of claim 1 wherein said
alkyl alcohol is coated on the surface of said micro-
spheres in an amount of from about 5 to 20 weight
percent, based on the weight of the microspheres.

4, The graphic arts medium of claim 3 wherein said
alkyl alcohol is butyl alcohol.

>. The graphic arts medium of claim 1 wherein said
microspheres have a particle size of about 3 to 50 mi-
crons in diameter.

6. The graphic arts medium of claim 1 wherein said
microspheres have a particle size of about 5 to 20 mi-
crons in diameter.

7. The method of forming a raised graphic pattern
upon a substrate which comprises selectively applying
in a pattern to said substrate a graphic arts medium
comprising a polymeric film-forming binder and a vola-
tile solvent vehicle therefor, said medium having dis-
persed therein about 1 to 45 weight percent, based on
the non-volatile content of said medium, of thermally
expandable thermoplastic poly(vinylidene chloride)
microspheres having a particle size of about 0.5 to 300
microns in diameter and containing about 5 to 50 weight
percent of a volatile neopentane blowing agent, said
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microspheres being insolubilized in said volatile solvent
vehicle by a coating of a compound which preferen-
tially wets the surface of said microspheres, said com-
pound being a member selected from the group consist-
ing of alkyl alcohols having about 3 to about 5 carbon
atoms in the alkyl chain, drying said medium and heat-
iIng to expand said microspheres, whereby said medium
forms a raised graphic pattern.

8. The method of claim 7 wherein said alkyl alcohol is
coated on the surface of said microspheres in an amount
of from about 1 to about 100 weight percent, based on
the weight of the microspheres.

9. The method of claim 7 wherein said alkyl alcohol is
coated on the surface of said microspheres in an amount
of from about 5 to 20 weight percent, based on the
weight of the microspheres.

10. The method of claim 9 wherein said alkyl alcohol
1s butyl alcohol.

11, The method of claim 7 wherein said microspheres
have a particle size of about 3 to 50 microns in diameter.

12. The method of claim 7 wherein said microspheres

have a particle size of about 5 to 20 microns in diameter.
* % % ¥ %
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